Early prognostic evaluation of abdominal sepsis is useful in the assessment of the severity of the disease and to select high-risk patients for early surgical reintervention. The aim of this study was to identify prognostic factors in a welldefined patient population most likely to benefit from early reoperation.
tis is usually defined as diffuse bacterial infection of the peritoneal cavity occurring without loss of integrity of the digestive tract and involves usually one single pathogen. Secondary peritonitis is most commonly caused by perforation or anastomotic disruption of the digestive tract, and in about 80 % responds well to timely surgical intervention combined with appropriate antimicrobial therapy. If, however, the patients are unable to contain the infection because of impaired host defense or overwhelming infection, a tertiary peritonitis develops characterized by poor recovery from secondary peritonitis despite appropriate surgical and antimicrobial treatment, occult infection with positive cultures of fungi and gram-INTRODUCTION Bacterial peritonitis can be classified into primary, secondary and tertiary peritonitis. Primary peritoni-negative bacteria with low pathogenicity, and impaired host defense (1-4). In a study of 59 patients with secondary peritonitis treated in a surgical ICU, 74 % developed tertiary peritonitis with a mortality rate of 64 % compared with 33 % in patients with uncomplicated secondary peritonitis (4).
To prevent persistent or recurrent infection after surgical treatment of secondary peritonitis, three strategies with some variations have been proposed: relaparotomy on demand, planned relaparotomy, and the open abdomen-technique (3, 5). Because a reoperation enhances the inflammatory host response, which may contribute to a further impairment of organ function, an accurate identification of patients with poor prognosis and potentially benefiting from a new surgical intervention would be of utmost importance (6-9).
The aim of this retrospective study was to identify readily available, clinical factors associated with poor prognosis following the treatment of secondary peritonitis. In order to have a homogenous high-risk patient material and excluding patients with uneventful postoperative course unlikely to benefit from a reoperation, only patients with perforations in the gastrointestinal tract and with postoperative treatment in the ICU environment were included.
PATIENTS AND METHODS
A review of hospital records from September 1996 through April 1998 identified 66 patients treated for severe secondary peritonitis caused by a perforation of the gastrointestinal tract with postoperative treatment in the General or Surgical ICU and surviving at least 48 hours from admission. This study period was chosen in order to establish a historical control population from a period with highly uniform treatment guidelines considered as the golden standard at that time, and with a view of identifying simple clinical factors associated with poor prognosis to form a potential basis for further prognostic modeling and ultimately, to produce appropriate inclusion and exclusion criteria for future randomized clinical trials.
The treatment at that time consisted of primary operation with elimination of the contamination source, copious irrigation of the abdominal cavity with warm normal saline, placement of one or more drains into the abdominal cavity with no irrigation, antibiotic treatment most often (in 52 patients, 79 %) with an intravenous cephuroximemetronidazole combination, organ function monitoring and support in the ICU (patients with multiple organ failure were treated at the general ICU, whereas the Surgical ICU was used for patients with less severe organ dysfunction or as a step-down unit), parenteral feeding, stress ulcer prophylaxis with omeprazole (63 patients, 95 %), thrombosis prophylaxis with low molecular weight heparin (50 patients, 76 %) unless contraindicated, and a laparotomy on demand policy for postoperative complications only. Four patients (6 %) received epidural analgesia following the initial operation.
Hospital mortality either in the study hospital or after transfer to another hospital was used as the end point. In addition to demographic and disease-specific variables, laboratory and ICU data was gathered on admission and/ or during the first three postoperative days.
Data with normally distributed continuous variables are presented as mean ( + standard deviation, SD) and ana-lyzed with the Student's t test. Non-normally distributed data are presented as median (range) and compared using the Mann Whitney test. Categorical variables are presented as number of patients and proportions (%), and were analyzed using the Fischer exact test. A logistic regression model was used for multivariate analysis. Statistical significance was at the 0.05 level. The program for statistical analysis used was SPSS 9,0.
The patient characteristics are summarized in Table 1 , and the operative and outcome variables in Table 2 . The causes of the perforation were divided into benign disease (peptic ulcer, sigmoid diverticulitis, ischemic necrosis), malignant disease (perforation at the tumor site), traumatic (iatrogenic endoscopic or penetrating trauma), and postoperative (anastomotic leak, iatrogenic intraoperative lesion with delayed or missed perforation). Table 3 . Factors that did not reach statistical significance included female sex, serum concentrations of sodium, potassium, alkaline phosphatase, creatinine, C-reactive protein and White Blood Cell count examined on admission, as well as need for ventilator management, vasoactive drugs, lowest thrombocyte count and lowest thromboplastin time examined during the first 3 postoperative days. Although the localization of the perforation was not a significant prognostic factor (p =0.237), patients with gastric/duodenal and appendiceal perforations had a somewhat better survival rate (79 % and 100 %, respectively) compared with jejunoileal and colonic perforations (50 % and 53 %, respectively). The length of stay in the ICU (general or surgical) was not markedly different between survivors and non-survivors.
In a multivariate analysis, only age (odds ratio 1.1008, 95 % CI 1.0429-1.1623, p=0.000) and highest CRP level during the first 3 postoperative days (odds ratio 1.0095, 95 % CI 1.0017-1.0173, p=0.008) could be identified as independent prognostic factors for hospital mortality, followed closely by pre-existing illness (p =0.055) and Mannheim Peritonitis Index (p =0.076).
DISCUSSION
In spite of advances in intensive care and antibiotic treatment, the hospital mortality rate of abdominal sepsis remains high. Allowing for the great variability of inclusion criteria, mortality rates of 17-63 % have been reported (10) (11) (12) (13) (14) (15) (16) . In a study of 125 patients with abdominal sepsis admitted to an intensive therapy unit, the hospital mortality rate was 63 % (11). In the present series of patients with secondary peritonitis from gastrointestinal perforation requiring ICU admission, the hospital mortality rate was 36 %, but in comparison, our patients were younger, and suffered less often from a malignancy albeit having more often other types of pre-existing illnesses.
Early prognostic evaluation of abdominal sepsis is desirable to select high-risk patients for more aggressive therapeutic procedures and to provide objective classification of the severity of the disease (10). Multiple previous studies have identified factors associated with increased hospital mortality including advanced age, female sex, pre-existing disease, number of coexisting diseases, diabetes, low albumin levels, low cholesterol levels, thrombocytopenia, leukopenia, extended peritonitis, sepsis of upper gastrointestinal origin, occurrence of septic shock, failure to *d uring the first 3 days after the initial operation, expressed as mg/L ** NSAID = non-steroid anti-inflammatory drug clear the source of sepsis, requirement of multiple operations, inadequate antibiotic treatment, high APACHE II score, and early postoperative organ failure (11-13, 16, 17) . The Mannheim Peritonitis Index (MPI) is based on data from 1253 patients with peritonitis and was developed by discriminant analysis of 17 possible risk factors, of which 8 were of prognostic relevance and were entered into the index with weighting according to the predictive value (10) . In a study assessing the reliability of MPI in 2003 patients from 7 centers in Europe, for a threshold index score of 26, the sensitivity was 86 %, specificity 74 % and accuracy 83 % in predicting death (10) .
One of the most commonly used parameters to predict outcome is the APACHE II score, which was not used in this analysis due to a high number of missing data points. Although previously considered a good marker, its value in predicting survival has recently been questioned (9).
The univariate analysis in the present study identified 7 prognostic factors predicting hospital mortality including advanced age, pre-existing illness especially in patients with multiple concomitant diseases, chronic medication, hospital transfer type of admission, non-traumatic cause of perforation, high MPI and high CRP level during the early postoperative phase, but only age and the early persisting high CRP level were significant prognostic factors in the multivariate analysis.
As been pointed out by Ohmann and Hau in their excellent review, a number of multivariate analyses have been performed, some of them resulting in the development of prognostic scores, but the results are not consistent and give no definitive answer whether prognosis is primarily determined by characteristics of peritonitis, physiological reserve or acute severity of the disease (18) . It can also be argued that even though scoring systems are objective measures of the severity of illness helping outcome prediction and determining therapeutic efficacy, their clinical relevance due to the lack of therapeutic alternatives is limited.
In the present study, CRP levels although comparable among survivors and non-survivors on admission, when measured as the highest level over the first 3 postoperative day was marginally but statistically significantly higher among the non-survivors (Table 3 ) and in addition to age, the only significant independent risk factor for mortality in the multivariate analysis. The significance of this finding is questionable although it can be argued that the initially more severe acute phase reaction persisted over the early postoperative phase and possibly contributed to the poorer prognosis. The results from previous studies are controversial. In a report of 97 patients with abdominal sepsis, the CRP levels in patients responding to surgery and antibiotics tended to plateau by day 3, whereas patients whose response to therapy was unsatisfactory had persistently elevated CRP levels at abnormally high concentrations through the day 5 (19) . Other studies, however, have shown no correlation between early CRP levels and the severity of sepsis or prognosis, respectively, in patients with abdominal sepsis (20, 21) . The marginal differences in the highest CRP level during the first three postoperative days demonstrated in this study, however, can not be used as a clinical guide to identify high risk patients potentially benefiting from early surgical reintervention.
The present study identified several prognostic factors for hospital mortality in patients with secondary peritonitis caused by gastrointestinal perforation; mostly factors associated with physiological reserve of the patient (age, pre-existing illness, chronic medication), type of peritonitis (cause of perforation) or a combination score (MPI), which have been reported previously and as such can not be used as indications for planned relaparotomy.
Peritoneal cytokine measurements from abdominal lavage or measurement of immune modulating parameters such as TNF-alpha, could perhaps be used to early identification of patients at risk although the results so far have been somewhat disappointing (22, 23) . Before a properly designed randomized study on the value of planned relaparotomy in secondary peritonitis can be initiated, a reliable method to identify high-risk patients has to be found.
